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temperature. A/ter removal of the foil, the room li^hU being off, 
the ampule waB broken open and the absorbaiice recorded. Ab- 
eorbancee were read to three decimal places with U8e of a Per- 
kio-Elnier Lambd/i 3 flpectrophotometer. The infinity readings 
were obtained by placing e foii-wrapped ampule of each set in 
6 8 team bath for b\. least, 3 h before recording the abBorbanc;e. 

B. For compoundB obtained in small amoants, e variation on 
the above procedure wa£ used. A solution with Lhe appropriate 
concentration of the traa^-azobenzene in laooctane waa prepared, 
BJid about 3 ml^ was sealed in a I-cm^ quartz ampule. Thie ampule 
was irradiated in the KUL photoreactor in a water-cooled im- 
mersion well for at least 3 h. The constant-iemperature bath 
described above was used to heat the cuvecte holder of the 
spectrophotoiDeter. The ampule was partially preheated in the 
reservoir of Ibe consLant -temperature bath before-being placed 
into the heated cuvette holder. It was then left for 30-60 6 to 
establish temp^TBture equilibrium, and a zero time and absorbance 
were recorded. Between readings, a black-felt-coveied card waB 
placed in the light beanos to prevent any photochemical isom- 
erization. The infinity reading was obtained by placing the ampule 
in a steam bath in the dark for at least 1 h, putting it back in the 
spectrophotometer, waiting for temperature equilibration Mth 
the card in place, and finally recording the absorbance. The 
temperature was determined by using a siniilfir unsealed ampule 
placed in the heated cuvette holder after the kinetic run was 
completed (usually while waiting for the infinity reeding). This 
ampule was filled with isooctane to the same height as the sealed 
ampules. An electronic (thermistor) thermometer with a flexible 
cable was used to readxhe temperature. 

Variable Temperature- C. Solutions and ampules were 
prepared as in method A and irradiated. The thermal isomeri- 
zation wa£ carried out by using a thermostated oil bath whose 
heater was controlled with a variable autotransformer. The 
temperature was measured with ah electronic (thermistor) 
thermometer, the probe of which was placed in an ampule oi" 
isooctane similar to the test ampules. At suitable temperature 
intervals, one- or more tubes were removed from the thermostat 
and cooled quickly in an ice bath. The corresponding temperature 



end time were recorded, and the absorbance was measured after 
the ampule was allowed to return to room temperature. The 
infinity readings were obtained by leaving one or more ampules 
in 6 sleara bath for at least 1 h before recording their absorbancea. 

Data AnalyBis. Activation energies were calculated from the 
raw kinetic obfiervations of abfi or Dance, temperature, and time 
by a one-step procedure, full details of which will be publiahod 
elsewhere. Briefly, the computational method consistE of sub- 
stituting the ArrheniuB equation directly into the first-order rate 
expreaaion (Abe, Absy, and Absi^^f are absorbances at time t, time 
0, and the infinity reading). 

Thus, 



'd(Abs - AbSj^) 
Abs -Absi-f 



(1) 



For a constant- temperature kinetic run, integration affords eq 
2, while when the temperature varies, eq 1 must be integrated 

Abs - AbSi^ = (Abso - AbSiJ txpi~Ai ^xp{-EjRT)) (2) 

numerically. In either case, an iterative procedure allows trial 
values of A and to be fitted to tiie knowm values of Abs, Abso, 
time (t), and temperature (T). 
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Five retinoids bearing the ethyl, ieri- butyl, and trimethylailyl groups in the 9- position of retinal and the ethyl 
end fert-butyl groups in the iS-poeition have been synthesiied. The key step of the s>73theBefi involves the conjugate 
addition of lithium diethylcuprate, lithium di-£err-buiylcuprat£, and lithium bis(trimethylBi)3'l)cuprate, respectively, 
to the acetyienic esters 4 and 13. The stereoselectivity of this reaction was examined in dei^il; it proceeds 
etereoseiectiveiy cis in THF at -7fi *C. Various isomers of the newly prepared retinoids were isolated by, preparative 
HPLC and characterized i^y the usual spectroscopic methods. The dependence of the configuration and con- 
formation of the polyene chain on the introduced group was studied by means of NMR and UV spectroscopy. 
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Introduction 

Retina] (1) plays a pivotal role in two light energy con- 
verting processes^ (i) the process of vision Ln vertebrates* 
and (ii) the proton pumping process in Halobacterium 
h^lobium-^ the proteins responsible for these processes, 



'Dedicated to Professor Dr. £. HOnig on the occaBion of his 65th 
birthday. 

^ GeseJlachaft. fOr Biotechnologische Forachujig. 
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rhodopsin and bacteriorhodopsin, respectively, both con- 
tain retinal as the prosthetic group^** (Figure 1). 



(1) Pert 5: Hopf, K.; Krause. N. Tetrahedron Lett. 1985, 26, 
3323-3325. 

f2) Belagh-Nair, V.; KakaDishi, K. bi StcreochcruiBtry; Tamm. Ch.. 
Ed.; Elsevier: Amsterdam, 1982; pp 283-334. 

(3) (a) Oeaterbelt, D. Angew. Chem. i976 fl£, 16-24; Xnjijea'. Chem., 
Int, Ed. BngL 197G. IS, 17. (B) Henderson. R. Annii. - Rev. Biophys. 
Bioeng. 1977, 6, 87-109. 

(4) OesterhfllL, D.; Stoeckenius, W. Nature {London), New. Bioi 1971. 
2jj. 149-152. 
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mercialiy available /3-ionone (2). The preparation of the 
acetyienic hydrocarbon 3 has been reportod by Nefpehi et 
Ql.^^ and proceeds enolization of 2, formation of the end 
phosphate, and phosphate elimination; this reaction iB 
particularly valuable since it represents the reversal of the 
well-knov,Ti hydration of terminal acetylenes to methyl 
ketones. MetaJation of 3 and reaction of the resulting 
lithiuiti acetylide vrith methyl chloroformate according to 
a general procedure of Brandsma^^ furnished ester 4 in 
71% yield. With this compoond in hand the addition of 
lithium diethylcuprate was investigated in detail; the re- 
sults obtained axe as follows. 

(i) Lithium diethylcuprate is usually prepared by ad- 
dition of 2 equiv of ethyllithium^" to 1 equiv of copper(T) 
iodide in diethyl ether or THF at 0 «C.^^-^^ In order to 
achieve complete consumption of 4 it proved useful to 
employ up to 50% excess of lithium diethylcuprate with 
respect to 4; this does not give rise to side reactions. 

(Li) Altei addition of 4 in diethyl ether or THF solution 
to lithium diethylcuprate, the reaction is complete v/ithin 
1 h at -78 or.v^^ithin 5 min at 0 "^C. Subsequent 
quenching mtn methanol or water, extractive workup, and 
purification provides ester 5a in more than S0% yield (cf. 
Experimental Section). • - - 

(iii) The sole reaction of the cuprate with 4 is the con- 
jugate addition; no reg^oisomers are formed. 

(iv) The stereoselectivity of the addition reaction may 
be controlled by means of the solvent and the reaction 
temperature as summarized in Table I. 

In THF at -78 °C the addition proceeds stereoseiectively 
cis; at higher temperatures, in diethyl ether or upon 
quenching with water instead of methanol this selectivity 
IB lost,. presumably because of increasing isomerization of 
the double bond in the enolate formed before quenching.^^ 
These results are in good agreement "vvith those obtained 
by Corey et al.^^ for the addition of lithium dialkylcuprat^s 
to methyl 2-decynoate and methyl 2-butynoate. For the 
synthesis of a9-nor-9-ethylretinal (10a) this stereoselec- 
tivity was not required since we intended to prepare the 
9-cis and 9-trans isomers of 10a in one sequence and to 
separate them by preparative HPLC. 

The subsequent steps leading to 10a are standard pro- 
cedures in vitamin A chemistry and were carried out 
v^ithout difficulties. Reduction of ester 5a ^-ith LiAIH^^" 
(81 %) find reoxidation with activated manganese dioxide-^ 
(53%) furnished aldehyde 7a, which was converted to 
19-Dor-9-ethylretinonitrile (9a) by Wittig-Horher olefi- 
netion with the anion of the Cg-phosphonate S^^ (89%). 
Reduction of 9a with DIBAH^^ eventually provided the 
target molecule 10a in 55% yield; the overall yield of 10a 
from 4 is 17.7% (5 steps). The product mixture consisted 
of the four expected isomers 9-ci5-, 9-cii-,13-cis-, IS-cis, and 
aU'tranS'l{i&. The separation of the isomers by prepara- 
tive HPLC proved to be difficult, and 9-ci5, 13- cis- and 



{15) (a) Negishi, £.; Kltik. A. 0.; Kiime, W. L.; Paturrson, W,; Silveiifi. 
A.. Jr. J. Org. Chem. 1980, ^5, 2526-252S. (b) Negishi, E.; King, A. 0.; 
Toiu. J.U. Org. Synth. 1985, 6-4, 44-^9. 

{16) Brajidsma. L. Preparative Acetyienic Chemistry) YA&evitr: Ain- 
DterdcLCi, 1971; pp 80-Bi. 

'(17) Braiidsma, L.; Verkruijsse, H. D. SynthesU of Acetylenes, AlUrics 
aric Ctimulsries; Elflevicr: Ajn&terdflin, 1981; pp U-12. 

(16) Corey, E. J.; Vozntr, G. H. J, Am. Chem. Soc. 196S. 90, 501^5616. 

(19) Poster, G. H. Org. React. 1975. 22, 253-400. 

(20) Robeson. C. D.; Cowley, J. D.; WeiuUr. L.; Stem, M. H.; Eddioge:. 
C. C: Cbcchak. A. J. J. Am. Chem. Soc. 1955, 77. 41U-4U9. 

(21) Atunburrow. J.; Caroeron, A. F. E.; Chapman, J. H.; Evens, R. 
M.; Hemfi, B. A.; Jan.'^en, A. B. A.; Walker. T. J. Chp.m. Soc. 1952, 
1094-U13. 

(22) Pommer. K.; Stilz, V^*. Gei. PaUnt 1 11G652; Chem. Abstr. 19f.2, 
S7, P226'c. 

(23) WiDUrfeldt. E. Synthesis 1975. 617-630. 
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13-cifi-IOa could no be obtained in analytically pore form. 
Nevertheless it was possible to collect thie ^B. and NMH 
daU of all four isomers using 2D ^^C^H corrsletion spec- 
troscopy (see pfiia^aph at the end of the paper about 
supplementary material). 

The syntheais of lS-nor-9-£e.-£-butylrerinal (10b) pro- 
ceeded as aescribed for 10a; however, some differsnceE 
should be emphssized. Lithium di-terr-butyicuprate is 
known to be thermally more labile than lithium diethyl- 
cuprate.^^ It is therefore, prepared by addition of 2 equiv 
of commercially available tert-butyllithiLUD solution in 
pentai^e to 1 equiv of copper(I) iodide in THF at -30 ^'C. 
After addition of i, stirring at -20 °C for 2 h is required 
to effect complete consumption of 4; the conditions suf- 
ficient for the addition of lithium diethylcuprate (-7.S 
1 h) provided only partial consumption of 4. The resultant 
est^r 5b, obtained in 87% yield, consisted out nf the 9-ci£ 
(9E) isomer exclusively, although the reaction conditions 
are rather vigorous compared with the preparation of 6a. 
These findings are explained by the bulkinees of the 
rer£-butyl group;, in fact, it is remarkable that the tert -butyl 
group can be introduced into the 9- position of retinal since 
this position is stericaily shielded by the methyl groups 
of the cyciohexene ring. 

The subsequent steps proceeded without difficulty and 
afforded 19-nor-9-ter^butylretinal (10b) in 36.2% overall 
>'ield from 4 (5 steps). The product mixture consisted of 
9-cis- and 9-cis,13-cis-10b, respectively; thus no isomeri- 
zation of the 9,J0 double bond has occurred on the way 
from 5b to 10b. This fact again illustrates the great steric 
demand of the 9-icrf-butyl group. 

A considerable extension of the methodology described 
for the introduction of alkyl groups cculd be achieved by 
the use of lithium bisCtrimethylsilyllcuprete for the « 
jugate addition to 4. Silyl cupxates like (PhMe-Si)Ci: 
and (MegSDjCuLi'^'^^ have been introduced into pre^ 
tive organic chemistr}^ by Fleming, who e-ssentially e:^^ 
ined the following reactions cf these cuprates: (il conkga|e 
addition to unsaturated carbonyl compounds, i^^rf- 
ticukr esters, (ii) conjugate displacement of tertiarv- aH^Uc 
acetates, and (iii) addition to nonactivated terminalMi 
tyienes.***'"'^ Lithium bis(trimethylsilyl}cuprat*, ho^^^ 
has found only httJe application since the trimeth^' 
lithium required is not readily available; it is made < 
by treatment of bis(trimetlriylsilyl)mercury^ with litlg 
or by reaction of hexamethyldisilane v\ith methyHithiJ 
We chose the latter method for the preparation ou 
methylsilyl) lithium, which by treatment. with copg 
iodide provided the desired cup^ate.^^ The opf 
conditions for the addition to 4 turned out to be a#li% 
excess of the cuprate, a temperature of -30 ""C, ^O/^ 
reaction time of 2 h. Under' these' conditions the sub^^ 
was consumed completalj" the product, however, cor|ftgjea 
■ not only the desired a,p- unsaturated ester 5c, but aSoxhe 
product formed by a second addition of the cuprate to 5c. 
This observation is not surprising since silyl cuprates are 
known to undergo conjugate addition reactions to a,^- 
unsaturated esters;^**-^ caxb'on cuprate 6 show this reaction 
only in rare cases." 



(24) A^cr. D. J.; FlEming, I.; Patal, S. K. J. Chem. Soc, Perkin Trans. 
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Table II. UV Dau of Eetinai*' and tbc Retinoide Prepai-ed 
in This Work 



iiU-trans 



9-ciB 



13-ci8 9-ci£,13 



■CIE 



r 383 (42854) 373(36010) 575 (35 500) 366 (32380) 

10a* 387 (36200) 3SO(33&00) 

10b*' 354(25 900) 350 (24 500) 

10c' 373 (21 700) 365 (15 400) 

15ft'- 382 (27 600) 382 (23100) 

I5b^ ' ' 

"In cthaDoL ^ In dichJorometliajie. ^The UV Bpectra exhibit no 
distinct abaorption maxiraa: 13-cts-15b: {f)'230 (13 700), 253 



(13100J, 337 (16300), 364 nm (15 500). S-ci5,13-c:5-l5b: 



232 (14 000, ahoulder), 252 (15 900), 290 (13 BOO), 322 (13 000). 333 
(12 200, shoulder). 357 jun (9800, Bhoulder). 

butyl resonance m 9-cis-lOb was saturated, erihancements 
were observed of the 7-H, 8-H, and 10-H sigrials. This 
proves the S-cie configuration and shows that more than 
one conformer with respect to the C(8)-C(9) single bond 
is involved (see Figure 2). Chemical shift comparison then 
led to the configuration of the C(9)-C(10) double bond in 
9-ci5a3-cis-10b. 

A similar result was obtained for the trimethylsiJy] de- 
rivative 10c. Saturation of the 'trimefhylsilyr signal in 
&-CLs-l(k; caused strong enhancements of the 7-H and 10-H 
resonances and a weak enhancement of the S-H resonance; 
this result proves the 9-cis configuration and reveals the 
presence of both S-s-cis and 8- &- trans conformers, the latter 
being more highly populated than in the t€r£-butyl ana- 
logue (see Figure 2). By chemical shift comparison the 
second isomer of lOc w^as shown to have the 9-cis, 13-cis 
configuration. In a similar way, the configurations of the 
C(13)-C(14) double bonds in both isomers of 15b were 
shown to. be cis. Saturation of the 13-iert -butyl resonance 
in 13-cis-15b gave enhancements of the 12-H and 14-H 
signals; saturation of the aldehyde proton resonance en- 
hanced the Il-H and 14-H signals. Besides proving the 
13-cis configuration, these experiments indicate a. prefer- 
ence for the 12-s-cis (or a closely related gauche) confor- 
mation (see Figure 2). 

. Conformational control of polyenes by the tert-butyl and 
similar bulky groups is not a new finding; a pa!rticuiarly 
well-known example is 2-£erf-butyl-1.3-butadiene. The 
first hint for the preference of a s-cis conformation in this 
molecule was its high reactivity in Diele-Alder reactions** 
ai:d in the addition of SOj;^ direct proof for the presence 
of this conformation was received from several spectro- 
scopic investigations. 

An impression of the influence of the newly introduced 
group on the polyene chain can also be obtabied by com- 
parison of the and NAIR chemical shifts'of the 
retinoids wnth those of retinal.^* As expected, the values 
for the ethyl analogues are similar to those of retinal except 
in the immediate vicinity of the ethyl substiraent. whereas 
the ieri -butyl and the trimethylsilyl group influence 
greater parts of the molecule. 



(34) (a) Craig, D.; Shipraan, J. J.; Fowier. R. B. J. Am. Chem. Soc. 
m\,S3, 28S5-289L (b) Bartiett. P. D.; WeJibilHch, G. E. H.; Wirigrove, 
A. S.; Swenton. J. S.; MontgomcTy, L. K,; Kramer, B. D. J. Am. Chem. 
Soc. 196S. 90, 2049-2056. 

(36) IfloacB, N. S.; Laila, A. A. R. Tetrahedron L*.tt. 1976, 715-716; J. 
Chem. Res. Synop. 1977, lCf-11. 

(36) >H NMJt BpecUoBcopy: (a) Hobgood. .Ir., R. T.; Goldaiein. J. H. 
J. Mot. Speetrof^c. 1964. 22, 76-86. (b) Bothner-By. A. A.; Harrie. R. K. 
J. Am. Chem. Soc. 1965, 57. 3451-3455. 

(37) NMR spertroscopy. (a) Haaegewe. K;; Aaomi, R.; Takahashi, 
K. Bull Chem. Soc, Jpn. 1976. 57, 91M20. Co) EruaaJimekii, G. B.; Drua. 
N. N.; Lobacb, M. I.; Korzner, V. A. Zh. Org. Khim. 1978, 74. 2021-2024. 

(38) XJW 8p>ectrcw«>py: Moskvin, A. F.; Kusskov, M. M.; Dokiorove, 
L. I.: Emei'yanova, A. A. Zh. Frikl SpektTosk. 1973, ;s, 157. 
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Similar conciucions can be drawn from the compaiiaon 
of the UV data of the newly prepared retinoids with those 
of retinal (see Table II). 

Again, the retinoids bearing the ethyl substituent in the 
9- or 13-position, respectively, behave similarly lo retina!; 
in contrast the S-cert- butyl derivative 10b exhibits a 
hypsochromic shift of ^O-SO nm with e concomitant de- 
crease of the extinction coefficient. Jt is obvious that the 
bulky ieri -butyl group diminifiheE the degree of conjuga- 
tion in the retinaJ molecule, probably by repulsive inter- 
actions with the adjacent hydrogen atoms of the polyene 
chain and subsequent distortion of the molecule. In the 
case of the 9- trimethylsilyl analogue 10c this effect ie 
weaker, presumably due tc the electropositivity of the 
MeoSi group and its greater distance from the polyene 
chain. Finally, the isomers of 20-nor-13-iert-butylretinal 
(15b) show a completely different behavior; the spectra 
have no similarity with those of retinal. Instead of the 
strong long-wave band (a-band) of retinal, they possess 
several bands at shorter v.'avelengths (/?-bands), a beha\dor 
that is known from several isomers of retinal with a 
preference of a twisted 12-E-cia conformation.^'' Hence, 
this obser^^ation confirms the result of the NOE experi- 
ments. 

Coticlub'ioii _ 

The addition of cuprates to the readily accessible ace- 
tylenic esters 4 and 13 represents a novel, flexible way to 
retinoids bearing alky] and silyl groups in the 9- and 13- 
position, respectively; in the present work five retinoids 
have been synthesized by this method. The reaction 
proceeds even with bulky groups like the tert-butyl and 
the trimethylsiiyi groups; the only exception is the int 
duction of the MegSi group into the 13-position of retiij 
which could not be achieved. In principle, this approa^^ 
should be applicable to all aXkyl and silyl groups, provit^^ 
that'the correspond.ing: lithium compound can be.preprfed| 
and that the group is not too bulky to be inserted "into^feiii^ 
molecule. 

The newly synthesized retinoids possess several in taJ/ 
esting features, the most intriguing one being the influei] 
of the introduced group on the configuration and cout 
mation of the polyene chain. In the ethyl analogues tj 
adjacent doubid bond of the polyene chain can exist in? " 
cis or trans configuration; the conformation resembles tfc^^ 
of retinal. In the tert-butyl and trimethylsilyl retinoid^ 
on the other hand, the adjacent double bond is forced in 
the cis configuration; furthermore the s-cis confqrmatic 
of the neighboring single bond is increasingly favorecifi ■ 
the series S-Me.Si < 9-tert -butyl < 13-terr-butyl. Th\C/> 
the introduction of voluminous groupE represents a w^Qj 
to control the configuration and conforms ti on of t|^^" 
polyene chain and to make retinoids to measure. 

EsperimentaJ Section 

Materittlfi. Diethyl ester and THF were distilled from LiAlH^. 
^-lonone was distLlSed under vacuum. All other reagents were 
of analytical grade and were used without further purification. 

Analyses. NlviH spectra were recorded on e Varian T-60 
{CCIJ. a Bruker AM 300 (CDCI3), or a Brukei VJU 400 spec- 
trometer (CDCI3) with (CH3)^Si as the internal standard. '^0 
NMR spectra were obtained or a Bruker AM 300 or e Bruker 
VVM 4.00 spectrometer with CDCI3 as the solvent and the internai 
standard {i 77.05). The ^^C NNTR spectre of 9-cis-iOb and of all 
isomers of 10a, lOc, 15a, and 15b were assigned by two-dlmeT)- 



(35) Kjiudsen. C. G.; ChaadraratTifi, K. A. S.; Walke^pae, L. P.; 
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'^sc MMR 6 168.2 (e. U-C). 163.4 (e, 9-C), 137-6 (fi, 6-C), 133.5 U. 
7-C) 129.7 (s, 5-C), 126.6 (d. &-Cj, U3.7 (d, lO-C), 51.0 (q, 11- 
OCH,). 39.6 (I. 2-Q, 37.0 (s. 9-CCH3), 3^.2 (e. 1-C), 33.0 (t. 4-C , 
29.5 (Q. 9-CCH3). 28.6 (q, I-CH3), 21.4 (q. b-Cri,), IS.2 (t, o^C); 
UV (ethaDol) (f) 2n nm (9300); MS, m/e 290 (M^); exaci 
roasB caicd for CigHgoO. 290.2246, found 290.2245. 

3-tert-Butyl-5-(2,6,6'triinothylcyclohexeii-l-yi)-2,4-pen- 

tadien-l-ol (6b). The reduction of 3.78 g (13 mmol) of 5b in 20 
mL of diethyl ether with a suspension of 0.57 g {15 mmol) of 
LiAlH< in 15 mL of diethyl ether wae carried out hb described 
for 6a. After kugelrohr distillation (130 "C/Q.OOb mbar), 2.97 g 
of 6b (U.3 mmol. 87%) was obtained ae a colorless, viscous oil: 
IH (CCl,) V 3620, 3600-3200 cm'^ NMR (300 MHz) t 5.86 (d. 
1 K. &-H, J,, = 16.2 Hz). 5.81 (d, 1 H. 7-H), 5.55 (t, 1 H. lO-H, 
J.oii = 6-'* Hi). 4.34 id, 2 H. n-H), 2.01 (m. 2 H, 4.H), 1.74 (s, 
3 H, 5-CHb). 1.64-1.58 (m, 2 H, 3'H), 1.48-1.45 (m, 2 H, 2-H). 
1.10 (B. 9 H, 9-CCK3), 1.02 (s. 6 H, I-CHb); NMR d 151.0 (s, 
9.0, 137.9 (s, 6-C), 132;S (d, 7-0, 129.7 (d S-C), 128.6 (6. 5-C). 
122.0 {d, lO-C). 61.2 (t. 11-G), 39.6 (t, 2-C), 35.8 (b, S-CChs); 34.1 
(s, 1-C), 32.9 (t, 4-C), 29.7 (q, 9-CCH3). 26.9 (q, l-CHg). 21.8 (q,. 
5-CH3), 19.3 (t, 3-C); UV (ethanol) X„„ U) 211 (6300). 247 nm 
(6900); MS. m/e 262 (M*'); exact mass calcd for CjeHgoO 262,2297, 

found 262.2297. ■ ■ 

3-teJ"f-Batyl-5-(2,6,6-triniethylcyclohexeii-l-yl)-2,4-pen- 

tadiena) (7b). The oxidation of 2.78 g (10.6 mmol) of 6b in 200 
mL of diethyl ether with 34.6 g (0.4 mol) of activated manganese 
dioxide was carried out as' de3CrLl>€d for 7a and yielded 1.98 g of • 
7b (7.6 mmol, 72%, vellow oil) after purification by column 
chroraato^aphy: IR (CCl;) f 1670 cm'^; NMR (300 MHz) 6 
9.83 (d, 1 H, 11-H. J,o n = 7.4 Hi), 6.19 (d, 1 H, 7-H, J,,^ = 15.6 
Hz). 6.13 (d, 1 H, 6.09 (d, 1 H, 10-H). 2.05 (m, 2 H, 4-H). 

1.77 (s, 3 H. ^CHa), 1.65-1.61 (m, 2 H, 3-H), 1.50-1.46 (m,2 H, 
2-H), 1.17 (s, 9 H. 9-CCH3), 1.04 (B. 6 H, l-CHi); ^^C NMR 6 193.6 
(d 11-C), 172.7 (s, 9-C), 139.1 (d, 7-0, 137.3 (s, 6-C). 131.6 (p, 
5-C). 127.7 (d, &-C). 125.9 (d, 10-C). 39.5 (t, 2-C), 36.8 (s, 9-CCH3), 
34.0 (s. ]-C). 33.0 (t, 4-C), 29.2 (q, B-CCH^), 28.9 (q. l-CHg). 21.6 
. (q, 5-CHa). 19.1 (t, 3-C); UV (ethanol) (0 240 (9950), 294 nm 
(6300); MS. m /e 260 (M*^); exact, mass calcd for C^aH^O 260.2140. 
found 260.2141. 

19-Nor-9-tert-butylretiiionitrile (9b). The Wittig-Korner 
reaction of 1.30 g (5 mmol) of 7b in 5 mL of diethyl ether, 2.17 
g (10 mmol) of phospbonate 6" in 10 n)L of THF and 0.4 g of 
Bodium hydride (10 nnmol, 60% in mineral oil) in 10 mL of THF 
■ was carried out as in the case of 9a . After colvimn chromatography 
1.54 g of 9b (4.S mmol, 95%) was obtained as a yellow oil: IR 
(CCl,) P 2210 cm-\ ^H NMR (60 MHz) 6 7.1-6.0 (m, 3 H, 10-H, 
11-H. 12-H), 5.95 (m, 2 H, 7-H, 8-H), 5.2-5.0 (m, 1 H, 14-H), 2.2-2.0 
(m. 2 K. 4-H), 2.12 (b, 3 H, IS-CH^), 1.78 (b, 3 H, 5-CHg). 1.7-1.5 
(m, 4 H, 2-H. 3-H). 1.15 (s, 9 H, 9-CCH3), 1.07 (e, 6H, I-CH3); 
MS, m/e 323 (M*"); exact mass calcd for C23H33N 323.2613, found 
323.2615. 

19-Noi*-9-£ert-butyLretinaJ (10b). Aldehyde 10b was obtained 
by reduction of 647 mg (2 mmol) of 9b in 10 mL of hexane with 
4^0 mL of DIBAH (4.0 mmol, 1.0 M solution in hexsne) &s de- 
scribed for 10a. Purification of tlie crude product by column 
chromatography furnished 460 mg of 10b (1.41 mmol, 70%) as 
a yellow oil Product composition by HPLC analysis: 10% 
9-c£s,l3-<:^~- and 90%, 9-<:u^-10b. TR (CCU &-c^.s-10b): v 1665 cm'^ 
^H and "C NMR: see paragraph at the end of the paper about 
suopleroentajy material. \JW: see Table II. MS: m/e 326 (M"^); 
exact mass calcd for C23H34O 326.2610. found 326.2609. 

5-(2,6.6-Trimethylcyclobexen.l-y])-3-(trimethylsi]yl)-2,4- 
pentadienal (7c). To a solution of 2.27 g (15.5 mmol) of hexa- 
methyldisilane in S mL of HMPTA was added 9.4 mL of MeLi 
(15.0 mmol, 1.6 M solution in diethyl ether) at 0 °C: the resulting 
red solution was stirred at this temperature for 15 min and treated 
with 30 mL of THF and 1.43 g (7.5 mmol) of copperd) iodide. 
AJter another 20 min at 0 "C, the Buspension was cooled to -30 
°C and 1.50 g (6.6 mmol) of 4 in 15 mL of THF was added 
dropwise. The suspension was stirred at -30 °C for 2 b and 
quenched with 5 mL of methanol Addition of water was followed 
by ertrnctive workup, fumiehing I.% g of crude ester 5c as a red 
oil. The ester was dissolved in 20 mL of diethyl ether and added 
to a suspension of 285 mg (7.5 mmol) of Li-AIH^ in 20 mL of diethyl 
ether at -65 **C. The suspension was stirred for 2 h at -30 ''C 
and hydrolyzed with 5 mL of saturated NH^Cl solution. The 
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precipitate formed waf. filtered off and washed with diethyl ether; . 
drying of the filtrate and evaporation of th*; solvent yielded 1.72 
g of crude aicoiiol 6c. Oxidation to 7c wa£ accompiiahed b\' stirring 
a fiolution of 6c in 50 mL of diethyl ethei with E.7 g (0.1 mol) of 
activated manganese dioxide for 17 K Afi^r filtration, evaporation 
of the solvent, and column chromatography 480 mg of aldehyde 
7c (1 7 mmol, 277c from 4) was obtained as £ yellow oil ER (CCIJ 
V 1670 cm'\ NMR (400 MHz) b 10.06 (d, 1 H, 11-H, ^lo.u = 
7 8 Hz), 6.70 (G. 1 H, S-H. ^75= 15.9 Hz), 6.32 (d, 1 H. 7-H), 6.16 
(d 1 K 10-H). 2.01 (m, 2 H,'4-K), 1.72 (s. 3 H. 5-CH3), 1.63-1.56 
(m 2 H. 3-H). 1.46-L42 (m, 2 H. 2-H), 1.01 (r, 6 H, 1-CH,), 0.22 
(s 9 H 9-SiCH3); NMR b 191.1 (d, ll-C), 164.5 (s. 9-C), 137.7 
(b;6-C), 137.2 (d. 7-C). 135.6 (d, lO-C), 131.7 (s. 5-C), 130.0 (d, 
S-C) 39.5 (t, 2-0; 34.2 (£. 1-C). 33.1 (t, 4-C), 29.0 (q, I-CH3). 21.9 
(q. o^CHa), 19.2 (t, 3-C), -1.2 (q. 9-SiCH3); XJ\' (ethanol) \^ (e) 
211 f79001 236 (8100). 323 nm (6000); MS, m/e 276 (M""); exact' 
mass caicd for CnH„OSi 276.1909. found 276.1909. 

19-Nor-9-(trimethylsilyI)retinon3trile (9c). The reaction 
of 60 mg of sodium hydride (2.0 mmol, 60% in mineral oil) iia 2 
mL of THF, '434 mg (2.0 mmol) of S^^ in 2 mL of THF. and 223 
mg (0.81 mmot) of 7c in 1 mL of diethyl ether was carried out 
as described for 9s and yielded after column chromatography 150 
mg of 9c (0.44 mmol. 55%. yellow oil): IR (CCU ^ 2210 cm^^ 
NMR (60 MHz) d 7.3-5.9 (m, 5 H, 7-H. 6-H, 10-H. 11-H, 12-H), 
5-2-5.1 (m, 1 H. 14-H). 12-2.0 (m, 2 K, 4-H), 2.15 (s, 3 H, 13-CH3), 
1.73 (s. 3 H. 5-CHfl). 1.7-1.5 (m. 4 H, 2-K; 3-H), 1.05 (s. 6 H. l-CH^), 
- 0.22 (s, 9 H,. 9-SiCH:i); MS, m/e 339 (M""); exact mass calcd for 
CojHasNSi 339.2382, found 339.2382. 

*l&-Nor-9-<tr)methyisDyl)reticai (10c). Ab descri^bed for 10a, 
the reduction of 136 mg (0.4 mmol) of 9c in 1 mi of hexane with 
0.8 mL of DIBAH (0.8 mmol, 1.0 M solution in hexane) provided 
75 mg of 10c (0.22 mmol, 55%, red oil) after purification by column 
chromatography. The mixture of isomers was anaJ>-2ed by HPLC 
and consisted of 16% S-cU^lZ-cis- and 84% 9-c^y-lOc. IR (CC1„ 
9-ci5-10c): v 1670 cm'\ and ^^C NMR: see the para^^jt. 
at the end of the paper about supplementary material. 
Table II. MS: m/e 342 (M"^); exact mass calcd for C22H3ja&. 

342.2379. found 342,2410. ' 

3-M:ethyi-l-(2,6,l)-trimerhylcyclohexeii-i-yI)-l,3»5-|ct^ 

trien-7-yne (12). To a solution of 38 mmoi of lithium ^iiagP 
propyiamide (from 3.85 g diisopropylamine irj 60 mL ^►^'^^^JS^ 
23 8 mL of 1.6 M n-butyilithium in hexane) was added 9.30 
. mmol) of crude ^-Cis-icetone U^^ in 20 mL of THF" et -7fi 
The mixture was stirred at -78 "C for 1 h, and 6.66 g (38 mr 
of diethyl cblorophosphate was added. The mixture was all^ 
to warm to room temperature and was added to a solution oS 
mmol of lithium diisopropyiamide (from. B.IO g of 
propylamine in 120 mL of THF and 50.0 mL of 1.6 M n-bu, 
lithium in heiane) at -78 *'C. The mixture was warmed to rc 
temperature within 1 h and stirred for another 2 h. Water 1 
mL) was added, and the major part of the solvent was rem« _ 
by rotatory evaporation. The mi^aure was extracted with diethyl 
ether; the organic layers were v.'a£hed ^-ith 1 N hydiocKloric a, * 
and water and dried. Evaporation of the solvent was follo^ 
by column chromatography providing 3.66 g of 12 (15.2 mr 
42%) as a red oil IR- (CCU) v 3310, 2100 cm' \ NMR (60 M 
0 7.1-5.4 (m. 5 H, 7-H, &-H, 10-H, 11-H. 12-H)..2.96 (d, 1 H, 14-H. 

= 2 Hzl 2-2-2.0 (m. 2 H, 4-H), 1.97 (s, 3 H, 9.CH3), 1.70 
(s,^*3 H, 5-CH3), 1.7-1.5 (ra, 4 H, 2-H, 3-H), 1.03 (s, 6 H, I-CH3); 
MS, m/e 240 (M\); exact maas calcd for CigH^M 240,1678, found 
240.1880. 

Methyl 20-Nor-l3,14-didehydroretinoatc (13). The reaction 
of 0.60 g* (2.5 mmol) of 12 in 2 mL of diethyl ether with 1.5 mL 
of n-butvUithium (2.5 mmol 1-7 M solution in hexane) and 0.33 
g (3.5 mmol) of methyl chloroformate was carried out as described 
for the ester 4, yielding 407 mg of 13 (1.36 mmol, 55%, red oil) 
after purification by column chromatography: IR (CCU) 2210, 
1715 cm-h ^H NMR (60 MHz) h 7..'5-5.4 (m, 5 H, 7-H, 6-H, 10-H, 
11-H, 12-H), 3.72 (s, 3 H, iS-OCHj), 2.2-2.0 (m, 2 H, 4-H), 2.00 
(£ 3 H, 9-CH3), L7-1.5 (m. 4 H, 2-H, 3-H), 1.68 (s, 3 5-CH3), 
1.02 (s, 6 H, I-CH3); MS. m/e 298 (M^); exact mass calcd for 
CsoHs^O: 296.1933, found 298.1931. 

Methyl 20-Nor-l3-cthylretiTioate (14a). A suspension ot O^Ju 
mg (2.6 mmol) of copperd) iodide in 4 mL of THF treated 
with 4.2 mL of ethyllithium (5.2 itimol. 1.25 M solution m diethyJ 
ether') al 0 "G. h solution of 522 mg (1.75 mmol) of 1 3 m 4 mi- 



